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BULLETIN  NO.  I  SEPTEMBER, 

TESTS  ON  THE  HOLDING   POWER 
OF  RAILROAD  SPIKES 

By  ALBIN  H.  BEYER,  Associate  in  Civil  Engineering 

and 
WILLIAM  J.  KREFELD,  Instructor  of  Civil  Engineering 

This  paper  describes  a  series  of  experiments  made  on  the  holding 
power  of  certain  railroad  spikes  under  varying  conditions  and  in 
different  kinds  of  ties. 

A  limited  investigation  made  at  the  Laboratories  at  the  request 
of  the  American  Spike  Company  of  New  York  City,  to  determine 
the  holding  power  of  a  new  design  of  spike,  was  enlarged  to  include 
also  a  standard  cut  and  a  standard  screw  spike  for  purposes  of 
direct  comparison.  The  data  secured  is  of  sufficient  general  scien- 
tific interest  to  the  profession  as  a  whole  to  warrant  its  publication. 

The  behavior  of  these  three  types  of  spikes  was  investigated  for: 

1 .  Resistance  to  direct  pull ; 

2.  Resistance  to  direct  pull  as  affected  by  redriving. 

TYPES   OF   SPIKES 

Three  different  kinds  of  spikes  were  tested: 

(a)  Cut  spike,  chisel-pointed,  marked  iP  to  2oP,  furnished  by  the  Penn- 
•Ivania  Lines,  West.    This  type  of  spike  was  selected  in  preference  to  the 

type  of  spike  submitted  by  the  New  York  Central  Railroad  because  it  was 
^2-inch  longer,  namely,  6  inches  under  the  head,  thus  allowing  a  53^-inch 
insertion  into  the  tie,  leaving  >^-inch  under  the  head  when  no  tie  plate  is 
used.  Average  weight,  0.81  Ibs.  per  spike. 

(b)  Screw  spike,  marked  iS  to  lyS;  standard  screw  spike  submitted  by  the 
Delaware,  Lackawanna  &  Western  Railroad.    Average  weight,  1.31  Ibs.  per 
spike. 

(c)  Sessler  Grip  spike,  marked  iG  to  i6G;  a  new  type  of  spike  submitted 
by  the  American  Spike  Company  of  New  York  City.    This  spike  was  turned 
and  milled  from  steel  bars  and  then  heated  in  a  gas  furnace  to  produce  a 
surface  scale  similar  to  that  of  the  commercial  product.     Average  weight, 
i.io  Ibs.  per  spike. 
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The  dimensions  and  details  of  the  various  spikes  are  given  in 
Plate  I.,  Plate  II,  is  a  photograph  of  the  three  types  of  spikes  tested. 

The  physical  properties  in  tension  of  the  material  forming  the 
spikes  tested  have  been  determined  and  are  as  follows  (standard 
navy  test  specimens  machined  from  the  finished  spike) : 

TABLE    I 

Physical  Properties  of  Material  in  Spikes 


Cut  Spike 

Screw  Spike 

Sessler 
Grip  Spike 

Yield  point  —  Ibs.  per  sq.  in  

52,300 

42.400 

43,300 

Ultimate  tensile  strength  —  Ibs.  per  sq.  in.      ... 

63,200 

58,800 

63.400 

Percentage  of  elongation  in  2  inches  
Percentage  reduction  in  area    

30.5 
68.1 

25.0 
64.9 

34-5 
65.9 

i 

TIES 

The  ties  used  in  these  tests  were  submitted  gratuitously  from  stock 
by  the  various  railroads  and  represent  average  quality.  The 
description  of  these  ties  is  given  in  Table  II. 

TABLE    II 

Description  of  Ties 


No. 

Timber 

Form 

Treatment 

Received  From 

Condition 

j 

Chestnut 

Sawed  two  sides 

Untreated 

N.  Y.  C.  R.  R. 

Surface  checked 

2 

3 

Chestnut 
Chestnut 
!  Yellow  Pine 

Sawed  two  sides 
Sawed  two  sides 
Sawed  two  «*ides 

Untreated 
Untreated 
Creosoted 

N.  Y.  C.  R.  R. 
N.  Y.  C.  R.  R. 
N.  Y.  C.  R.  R. 

Knotty 
Badly  checked 
Good 

5 
6 

Yellow  Pine 
Yellow  Pine 

Sawed    wo  sides 
Sawed    wo  sides 

Creosoted 

Creosoted 

N.  Y.  C.  R.  R. 
N.  Y.  C.  R.  R. 

Surface  checked 
Badlv  checked 

7 
8 

White  Oak 
White  Oak 

Sawed    wo  sides 
Sawed    wo  sides 

Untreated 
Untreated 

N.  Y.  C.  R.  R. 
N.  Y.  C.  R.  R. 

Slight  surface  checks 
—  dead  wood 
Surface  checked 

9 

IT) 
II 
12 
13 

White  Oak 
Douglas  Fir 
Douglas  Fir 
White  Oak 
Douglas  Fir 

Sawed    wo  sides 
Sawed  four  sides 
Sawed  four  sides 
Hewn 
Sawed  four  sides 

Untreated 
..  Untreated 
Untreated 
Untreated 
Untreated 

D.  L.  &  W.  R.  R. 
Erie  R.  R. 
Erie  R.  R. 
D.  L.  &  W.  R.  R. 
Erie  R.  R. 

Very  good 
Knotty 
Surface  checked 
Surface  checked 
Surface  checked 

DIRECT   PULLING   TESTS 


Direct  pulling  tests  were  made  to  determine  the  holding  power 
of  the  three  kinds  of  spikes  described,  in  each  of  the  four  kinds  of 
ties,  under  the  following  conditions: 
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PLATE  III 
Diagrammatic  Plan  showing  Location  of  Spikes  Tested 
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(a)  4  Pennsylvania  cut  spikes  driven  5^  inches  without  bored  hole; 

(b)  4  Pennsylvania  cut  spikes  driven  5>^  inches  into  ^-inch  bored  hole; 
(r)    4  D.  L.  &  VV.  screw  spikes  screwed  6  inches  into  5-8-inch  hole; 

(<?)    4  D.  L.  &  W.  screw  spikes  driven  6  inches  into  5-8-inch  hole; 

(e)  4  Sessler  Grip  spikes  driven  5^  inches  without  bored  hole; 

(f)  4  Sessler  Grip  spikes  driven  5^  inches  into  y-i6-inch  bored  hole. 

All  cut  and  Sessler  Grip  spikes  were  driven  by  a  man  inexper- 
ienced in  track  work.  The  screw  spikes  were  inserted  in  accordance 
with  the  personal  instructions  of  Mr.  Medill,  Roadmaster  of  the 
D.  L.  &  W.  Railroad  Terminal  at  Hoboken,  N.  J. 

The  spikes  wrere  driven  into  the  ties  in  pairs,  directly  opposite 
each  other,  and  spaced  about  ten  inches  apart  along  the  tie.  Four 
spikes  of  each  type,  making  a  total  of  twelve  spikes  per  tie,  comprised 
one  set.  Care  was  taken  in  driving  to  avoid  checks  and  knots. 
The  location  of  the  spikes  in  the  ties,  as  well  as  the  dimensions  of 
the  ties,  are  shown  diagrammatically  in  Plate  III. 

All  preformed  holes  were  made  by  means  of  a  drill  press,  thus 
insuring  straight  alignment.  The  sizes  of  the  preformed  holes  used 
in  this  investigation  were: 

(a)    Pennsylvania  cut  spike  (Lines  West),  yZ-inch,  giving  a  drift  of  I -8-inch; 
(&)    D.  L.  £  W.  screw  spike,  5-8-inch,  in  accordance  with  the  standard 
practice  of  the  road ; 

(c)  Sessler  Grip  spike,  7-r6-inch,  in  accordance  with  the  recommendation 

of  the  American  Spike  Company,  giving  a  drift  of  I -8-inch  on  shank. 

One  set  of  screw  spikes  in  each  kind  of  tie  was  driven  for  the  full 
6-inch  depth  to  determine  also  the  effect  upon  the  holding  power  of 
driving  as  compared  with  the  standard  method  of  screwing  the  spike  in. 

Attention  is  here  called  to  the  fact  that  the  total  penetration  of 
both  the  cut  spike  and  the  Sessler  Grip  spike  was  5^  inches  as 
compared  to  6  inches  for  the  screw  spike.  The  results,  therefore, 
give  the  comparative  holding  power  for  the  spikes  as  used  without 
regard  to  effects  produced  by  differences  in  depth  of  penetration 
and  size  of  prebored  holes. 

METHOD   OF   TESTS 

All  tests  were  made  in  the  Civil  Engineeering  Testing  Laboratory 
at  Columbia  University. 

The  tie,  with  the  spikes  to  be  tested  facing  downward,  rested 
upon  two  steel  blocks  upon  the  upper  head  of  a  ioo,ooo-lb.  Riehle 
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testing  machine.  The  spike  was  gripped  by  means  of  a  special 
holder  forged  in  the  form  of  a  closed  yoke  and  provided  with  a  slot 
of  width  just  sufficient  to  engage  the  shank  of  the  spike  below  the 
head.  The  same  holder  was  used  for  the  screw  and  Sessler  Grip 
spikes  as  they  had  the  same  sized  shank  under  the  head.  The 
holder  used  for  the  cut  spike  was  similar  except  for  the  slot,  which 
was  slightly  narrower.  The  load,  therefore,  was  applied  to  the 
spike  head  at  two  points  directly  opposite  each  other,  thus  tending 
to  insure  an  axial  pull.  The  lower  ends,  or  shanks,  of  these  holders 
were  held  by  the  pin  of  a  shackle  which  was  in  turn  held  by  a  yoke 
gripped  by  the  wedges  in  the  lower  head  of  the  testing  machine. 

The  actual  withdrawal  of  the  spike  was  measured  to  the  1-1,000 
part  of  an  inch  by  means  of  a  deflectometer  of  the  lever  type,  one 
end  of  which  was  placed  directly  in  contact  with  the  head  of  the 
spike.  Very  large  errors  resulting  from  the  play  in  the  bearings  of 
the  holder,  deformation  of  the  holder  proper,  slippage  of  the  holder 
in  the  wedges,  and  withdrawal  of  the  wedges  from  the  lower  cross- 
head  as  they  tighten  on  the  shank  of  the  holder,  which  are  introduced 
when  the  withdrawal  is  measured  by  the  movement  of  the  lower 
cross-head  of  the  testing  machine,  as  has  been  done  in  many  previous 
experiments,  were  thereby  eliminated.  This  method  does  not 
however,  eliminate  errors  due  to  the  compression  of  the  wood  on 
the  cast  iron  bearing  blocks  and  the  twisting  of  the  tie,  especially 
one  having  a  rough  or  warped  bearing  surface  in  contact  with  the 
bearing  blocks,  as  the  load  on  the  spike  increases. 

In  planning  these  tests  it  had  been  assumed,  based  upon  the 
results  of  previous  experiments,  that  the  displacements  to  be 
measured  would  be  of  such  magnitude  that  the  above  errors  would 
have  no  appreciable  influence  upon  the  results.  When,  however, 
the  data  secured  in  these  tests  was  digested  it  was  found  that  the 
entire  phenomena  of  elastic  stress  and  strain,  including  incipient 
failure,  took  place  at  withdrawals  of  .05  of  an  inch  and  less.  Sub- 
sequent tests  of  limited  extent  were  then  made  with  an  Ames  dial 
recording  the  withdrawal  of  the  spike  directly  to  1-10,000  part  of  an 
inch,  to  determine  the  true  elastic  behavior  and  stress  strain 
relation  of  the  various  spikes. 

Tests  were  also  made  to  determine  the  accuracy  of  measuring  the 
displacement  of  the  spike  by  recording  it  simultaTeously  by  three 
different  methods,  as  follows: 


^fr^flff^f't 
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PLATE  IV 


Ames  Dial  Measuring  Apparatus  and  Holder  for  Pulling  Spikes 
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First:  Recording  the  displacement  of  the  lower  cross-head — 
the  usual  method  employed  in  previous  experiments. 

Second:  Recording  the  displacement  of  the  head  of  the  spike 
by  means  of  a  deflectometer  resting  directly  upon  the  upper  head  of 
the  testing  machine — the  method  largely  used  in  this  investigation. 

Third:  Recording  the  displacement  by  means  of  an  Ames  dial 
attached  directly  to  the  tie. 

Plate  IV  shows  the  mounting  of  the  Ames  dial  as  weM  as  the 
holder  used  for  pulling  the  spikes.  The  third  method  of  measuring 
the  withdrawal  eliminated  all  sources  of  error  except  instrumental. 
The  dial  was  calibrated  by  means  of  a  special  micrometer  reading 
directly  to  1-100,000  part  of  an  inch  and  was  found  to  be  reliable 
to  1-10,000  part  of  an  inch. 

Plate  V  shows  the  errors  that  are  introduced  when  the  first  and 
second  methods  of  measuring  the  withdrawal  are  used.  The  first 
method,  heretofore  used  in  many  tests,  gives  withdrawals  so  greatly 
in  excess  of  the  actual  displacements  that  the  results  can  have  but 
little  scientific  value. 

Plate  VI  shows  the  tie  to  be  tested,  second  method,  in  position 
in  the  testing  machine  with  the  deflectometer  in  place.  To  properly 
seat  the  tie  upon  the  bearing  blocks,  an  initial  load  of  500  Ibs.  was 
applied  and  the  deflectometer  was  adjusted  to  read  zero.  The  load 
wras  increased  with  the  lower  head  moving  practically  continuously 
at  the  rate  of  0.06  of  an  inch  per  minute,  and  the  withdrawal  of  the 
spike  was  read  upon  the  deflectometer  for  each  increment  in  load 
of  500  Ibs.  until  the  maximum  resistance  was  reached.  Thereafter 
loads  were  recorded  for  each  0.05  of  an  inch  withdrawal,  unless  the 
behavior  of  the  spike  warranted  taking  additional  readings  and 
until  a  total  withdrawal  of  0.475  °f  an  inch  was  obtained,  beyond 
which  the  information  would  be  of  minor  importance. 

RESULTS   OF   PULLING  TESTS 

The  results  obtained  from  the  tests  made  upon  the  four  spikes 
of  one  type  in  each  kind  of  tie  were  averaged  and  these  average 
results  plotted. 

Tables  III  to  X  are  the  detailed  log  sheets  of  the  tests.  For 
purposes  of  comparison  and  for  the  computation  of  the  average 
curve,  the  resistances  of  the  spikes  are  tabulated  for  definite  amounts 
of  withdrawals.  In  many  instances  this  data  was  not  recorded 
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PLATE  VI 


Tie  in  Position  in  Testing  Machine 


Results  of  Direct  Pull  Tests 


10 


CIVIL  ENGINEERING  TESTING  LABORATORIES 


PLATE  VII 
DIRECT  PULL  TESTS 
Untreated  Chestnut  Tie  No.  i 
Pennsylvania  Cut  Spike  —  Driven  sK  Inches,  No  Hole 
D.  L.  &  W.  Screw  Spike—  Driven  6  inches  into  H-inch  Hole 
Sessler  Grip  Spike  —  Driven  5  ^-inches,  No  Hole 
To  Accompauy  Table  III 
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PLATE  XI 
DIRECT  PULL  TESTS 
Untreated  White  Oak  Tie  No.  8 
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Sessler  Grip  Spike  —  Driven  into  A-inch  Hole 
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directly  as  an  observation;  in  such  cases  the  loads  were  interpolated 
from  the  original  curves  plotted  for  each  individual  spike.  Owing 
to  the  numerous  points  obtained  this  interpolation  introduced  no 
appreciable  inaccuracy. 

Plates  VII  to  XIV  show  graphically  the  average  resistance 
developed  by  the  four  spikes  of  each  type  in  the  same  tie  for  given 
amounts  of  withdrawal. 


REDRIVE  AND   PULLING   TESTS 

In  accordance  with  the  suggestion  made  by  the  engineers  of 
several  of  the  Eastern  Railroads,  redrive  and  pulling  tests  were  made 
to  determine  the  effect  of  the  successive  redriving  of  a  spike  after 
having  been  withdrawn  0.25  of  an  inch.  It  is  believed  that  such 
tests  will  give  some  information  as  to  the  influence  upon  the  holding 
power  of  the  spike  when  redriven  after  having  been  lifted  in  service. 
Six  such  tests  were  made  for  each  type  of  spike  in  each  of  the  four 
kinds  of  ties. 

Each  spike  was  withdrawn  %  of  an  inch,  redriven  or  rescrewed, 
withdrawn  again  for  %  of  an  inch,  again  redriven  and  withdrawn, 
making  three  withdrawals  in  all.  In  these  tests  the  same  sprkes 
and  the  same  sizes  of  preformed  holes  were  used  as  in  the  direct 
pulling  tests. 

Eighteen  spikes  were  tested  in  each  tie,  as  follows : 

(a)  3  Pennsylvania  cut  spikes  driven  5^  inches  without  bored  hole ; 

(b)  3  Pennsylvania  cut  spikes  driven  5^  inches  into  y^-inch  hole ; 

(c)  3  D.  L.  &  W.  screw  spikes  screwed  6  inches  into  5-8-inch  hole; 

(d)  3  D.  L.  &  W.  screw  spikes  driven  into  5-8-inch  hole  to  within  2  inches  of 

the  head  and  screwed  to  within  >£-mch  of  the  head ; 

(e)  3  Sessler  Grip  spikes  driven  5>£  inches  without  bored  hole; 

(/)   3  Sessler  Grip  spikes  driven  5^  inches  into  y-i6-inch  bored  hole. 

METHOD   OF  TEST 

The  method  of  testing  was  similar  to  that  already  described 
under  the  direct  pulling  tests,  except  that  the  spikes  were  with- 
drawn only  y^  of  an  inch.  The  cut  spike  and  the  Sessler  Grip  spike 
were  then  redriven,  and  the  screw  spike  rescrewed,  the  full  amount 
of  the  withdrawal  in  all  cases.  The  spikes  were  then  repulled  %  of 
an  inch,  redriven  or  rescrewed,  respectively,  and  again  repulled. 


Results  of  Redrive  and  Pulling  Tests 


,28 
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RESULTS   OF   THE   REDRIVING   AND    REPULLING   TESTS 

The  results  obtained  from  these  redriving  and  repulling  tests 
upon  each  of  the  three  spikes  of  one  type  driven  under  the  same 
conditions  into  each  kind  of  tie,  were  averaged  and  the  results 
plotted.  Tables  XI  to  XVIII  are  the  detailed  log  sheets  of  the 
tests  prepared  in  exactly  the  same  way  as  the  detailed  log  sheets 
for  the  direct  pulling  tests,  except  that  only  the  average  of  three 
tests  are  given  omitting  the  individual  tests.  Average  curves  were 
computed  and  plotted,  as  shown  in  Plates  XV  to  XXII. 


SUMMARY  AND   CONCLUSIONS 

DIRECT   PULL  TESTS 

The  average  ultimate  resistance,  the  results  of  •  seven  individual 
tests  of  the  various  types  of  spikes,  driven  into  two  or  more  ties 
of  each  kind  under  the  different  conditions  enumerated  below  is  as 
follows : 

Standard  Cut  Spike — Pennsylvania  R.  R.  Lines  West 


Kind  of  Tie 

Without  Hole 

Into  ><-inch  Hole 

Chestnut 
Creosoted  Yellow  Pine 
White  Oak 
Douglas  Fir 

SiSo 
4850 
9020 
4280 

4908 
4700 
8790 
3539 

Standard  Screw  Spike,  Delaware,  Lackawanna  and  Western  R.  R. 


Kind  of  Tie 

Screwed  Full 
Depth 

Driven  4'^  Inches 
Screwed  iM  Inches 

Driven  Full 
Depth 

Chestnut 

9100 

6950 

6200 

Creosoted  Yellow  Pine 
White  Oak 

8500 
i556o 

6950 
11500 

6150 
9200 

Douglas  Fir 

7170 

6500 

6100 

Sessler  Crip  Spike 


Kind  of  Tie 

Without  Hole 

Into  A-inch  Hole 

Chestnut 
Creosoted  Yellow  Pine 
White  Oak 
Douglas  Fir 

7180 
6890 
10300 
5200 

6100 
6500 
1  1  800 
4600 
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The  relative  ultimate  holding  powers  of  the  three  types  of  spikes 
tested  expressed  in  terms  of  the  cut  spike  driven  without  a  hole  for 
the  various  ties  is  as  follows: 

Relative  Ultimate  Holding  Power 


Tie 

Method  of  Driving 

Cut 

Screw  * 

Sessler   Grip  . 

•Chestnut 

/  Without  hole 
\With  hole 

100% 
95-2% 

176.6% 

139-5% 
118.5% 

•Creosoted  Yellow  Pine 

(  Without  hole 
\With  hole 

100% 

96.9% 

175-2% 

142.1% 
134-1% 

White  Oak 

/  Without  hole 
\  With  hole 

100% 

97-6% 

1/2.7% 

114-3% 
130.8% 

Douglas  Fir 

/  Without  hole 
\  With  hole 

100% 

82.7% 

167.4% 

121.4% 
107.5% 

Average,  all  woods 

/  Without  hole 
\  With  hole 

100% 
93-i% 

172.9% 

129-3% 

122.7% 

These  results  appear  to  indicate  that  both  the  cut  and  the  Sessler 
Grip  spike  develop  a  slightly  higher  initial  resistance  to  withdrawal 
when  driven  without  a  prebored  hole  than  when  driven  into  >^-inch 
and  7/i6-inch  holes,  respectively.  This  increase  in  initial  holding 
power  secured  when  a  spike  of  this  type  is  driven  without  preform- 
ing the  hole  is  of  doubtful  value;  for  the  efficiency  and  ultimate  life 
of  a  spike  in  a  tie  depends  not  so  much  upon  the  ultimate  initial 
resistance  to  withdrawal  as  it  does  upon  the  range  of  elastic  behavior 
of  the  wrood  fibres,  provided  the  friction  between  the  wood  fibres 
and  the  surface  of  the  spike  is  sufficient. 

A  cut  spike  driven  into  a  tie  without  first  preforming  the  hole 
crushes  and  bunches  the  fibres  over  a  wade  area  due  largely  to  the 
splitting  and  wedging  action  being  confined  to  one  plane,  see  Plate 
XXIII.  With  the  Sessler  Grip  spike,  this  splitting  action  appears 
to  be  less,  due,  partly  to  the  shape  of  the  point  tending  to  produce 
a  combined  cutting  and  splitting  action,  but  much  more  to  the  rota- 
tion of  the  spike  on  driving,  averaging  sixty-three  degrees  when 
•driven  without  a  hole  and  sixty-eight  degrees  when  driven  into  a 
hole.  Due  to  this  rotation  of  the  spike  the  splitting  and  wedging 
is  not  confined  to  any  one  plane  and  the  accumulative  effect  upon 
the  wood  fibres  appears  to  be  thereby  reduced. 

The  effect  upon  the  wood  fibres  of  driving  instead  of  screwing  a 
screw  spike  is  obvious. 

*Note.  Screw  spike  screwed  full  depth. 
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The  crushing  and  bunching  of  the  wood  fibres  can  be  materially 
reduced  both  with  the  cut  spike  and  the  Sessler  Grip  spike  by- 
preforming  the  hole,  as  is  illustrated  in  Plate  XXIV. 

In  a  spike  fastening  every  effort  should  be  made  to  preserve  as 
far  as  possible  the  elasticity  of  the  wrood  fibres.  Plate  XXIII  and 
XXIV  clearly  show  the  effects  upon  the  wood  fibres  of  driving  the 
three  types  of  spikes  under  different  conditions. 

ELASTICITY  OF  A   SPIKE   FASTENING 

When  a  spike  is  driven  into  a  tie  the  fibres  of  the  wood  are  forced 
downward  and  pressed  simultaneously  outward.  When  such  a 
spike  fastening  is  subjected  to  a  direct  pull,  within  its  elastic  range, 
the  friction  between  the  wood  fibres  and  the  surface  of  the  spike 
tends  to  hold  it  in  place  and  whatever  yielding  does  take  place  is 
due  solely  to  the  elastic  distortion  of  the  wood  fibres.  When  the 
load  is  released  the  elasticity  of  the  wood  fibres  causes  the  spike  to 
regain  its  original  position.  The  elastic  withdrawal  limit  of  a  spike 
fastening  is  reached  either  when  the  wood  fibres  in  contact  with  the 
surface  of  the  spike  are  strained  beyond  their  elastic  limit,  or  the 
bond  or  adhesion  between  the  fibres  of  wood  and  the  surface  of  the 
spike  is  insufficient  to  prevent  relative  motion  between  the  two. 
Both  in  the  cut  and  Sessler  Grip  spike  failures  appear  to  take 
plaro  simultaneously  in  the  two  ways  just  described.  In  the  screw 
spike,  on  the  other  hand,  failure  is  more  gradual,  but  incipient 
failure  takes  place  at  very  low  loads,  probably  due  to  the  crushing 
of  the  fibres  against  the  thread  of  the  screw.  At  the  same  time,  the 
frictional  resistance  between  the  shank  of  the  spike  and  the  wood 
fibres  increases  somewhat  due  to  their  displacement  and  the  result- 
ant failure  is  a  very  gradual  one. 

Within  the  elastic  withdrawal  limit  the  resistance  to  direct 
pull  developed  by  a  spike  is  directly  proportional  to  the  displacement 
of  the  spike  in  the  wood.  Also  within  the  elastic  withdrawal 
range  the  permanent  set  is  practically  negligible. 

When  the  load  upon  a  spike  exceeds  its  elastic  withdrawal  limit, 
sliding  friction  comes  more  and  more  into  play  and  the  permanent 
sets  become  appreciable.  The  ultimate  resistance  to  withdrawal 
that  is  actually  developed  by  a  spike  depends  somewhat  upon  the 
elastic  strength  of  the  wood  fibres,  but  much  more  upon  the  friction 
of  the  bunched  and  distorted  fibres  upon  each  other  and  the  surface 


HOLDING  POWER  OF  RAILROAD  SPIKES  47 

of  the  spike;  the  amount  of  this  friction  varies  within  very  wide 
limits  even  in  the  same  tie.  Especially  in  the  cut  spike,  this  friction 
varies  suddenly  and  irregularly  with  the  amount  of  withdrawal, 
giving  the  load  strain  curve  a  saw  tooth  appearance. 

To  be  a  permanent  rail  fastening,  a  spike  must  not  be  loaded 
in  excess  of  its  elastic  withdrawal  resistance,  irrespective  of  its 
ultimate  resistance.  A  rail  fastening  should  therefore  be  designed 
with  a  sufficient  number  of  spikes  so  that  the  load  per  spike  does 
not  exceed  the  elastic  withdrawal  resistance  of  any  spi'ke.  It  is 
obvious  that  the  least  number  of  spikes  and  greatest  efficiency  per 
rail  fastening  will  be  obtained  with  that  type  of  spike  having  the 
highest  elastic  withdrawal  resistance.  A  proper  safety  factor  should 
also  be  introduced  in  the  design  to  allow  for  any  possible  lowering 
of  the  elastic  withdrawal  resistance  resulting  from  the  fatigue  and 
physical  deterioration  of  the  wood  fibres  with  time. 

The  true  elastic  withdrawal  limits  can  be  only  approximately 
determined  from  the  load  stress  curves,  Plates  VII  to  XIV,  inclu- 
sive, as  the  inaccuracies  of  measurements  introduced  by  the  com- 
pression of  the  tie  on  the  bearing  blocks  and  the  twisting,  especially 
of  a  more  or  less  warped  tie,  have  in  some  cases  modified  the  curves. 
This  is  especially  true  in  the  case  of  the  screw  spike  which  requires 
the  most  sensitive  instruments  to  locate  the  point  of  incipient  failure. 
For  these  reasons  only  general  conclusions  can  be  drawn  from  these 
tests  as  to  the  actual  and  relative  elastic  withdrawal  resistances 
of  the  three  types  of  spikes  under  the  various  conditions  tested. 

To  determine  the  true  elastic  behavior  of  the  three  types  of  spikes 
a  limited  number  of  tests  were  made  in  which  the  withdrawal  of 
the  spike  was  measured  directly  to  the  nearest  1-10,000  part  of  an 
inch.  In  this  investigation  a  creosoted  yellow  pine  tie  was  used  and 
two  spikes  of  each  type  were  tested  using  prebored  holes. 

The  results  of  these  tests  are  given  in  Table  XIX  and  shown  dia- 
grammatically  on  Plate  XXV. 

Based  upon  the  results  of  these  tests  the  relative  average  elastic 
limits,  taking  the  cut  spike  at  100%,  is: 

Cut  spike  1 00% 

Screw  spike  90%  elastic  limit  in  bearing 

178%  final  yield  point 
Sessler  Grip  Spike       129% 
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The  behavior  of  the  screw  spike  as  already  mentioned  is  somewhat 
peculiar,  at  about  2700  Ibs.  the  true  eUistic  limit  is  reached,  evi- 
dently due  to  a  bearing  failure  of  the  thread  upon  the  wood,  repre- 
sented by  the  lower  percentage  in  the  above  table.  From  this 
point  up  to  about  5000  Ibs.  the  load  strain  curve  is  still  substantially 
straight,  but  slightly  more  inclined.  At  this  upper  limit,  repre- 
sented by  the  higher  value  in  the  above  table  there  is  a  decided 
change  in  direction  increasing  rapidly  with  the  load,  practically  a 
yield  point.  Because  of  the  limited  extent  of  this  investigation 
covering  two  spikes  of  each  kind  in  one  tie  only,  the  results  cannot 
be  considered  conclusive  and  require  further  verification. 

To  obtain  additional  data  as  to  the  elastic  behavior  of  a  spike 
in  a  tie,  one  spike  of  each  type  inserted  in  a  creosoted  yellow  pine 
tie  was  subjected  to  thirty  applications  of  loads  varying  between  the 
limits  of  500  and  3000  Ibs.  and  the  withdrawal  and  set  for  each  load 
recorded.  In  each  case  the  spike  was  subjected  to  an  initial  load 
of  3000  Ibs.  and  the  reading  of  the  Ames  dial  when  the  load  was 
reduced  to  500  Ibs.  was  taken  as  zero  set.  The  upper  limit  of  3000 
Ibs.  was  selected  because  this  represented  approximately  <he  elastic 
withdrawal  limit  of  a  cut  spike  in  such  a  tie.  The  results  of  these 
tests  are  given  in  Table  XX. 

This  table  shows  that  under  thirty  applications  of  3000  Ibs.  the 
final  set  amounted  to  .0005  of  an  inch  for  the  screw  spike,  .0011 
of  an  inch  for  the  Sessler  Grip  spike,  and  .0015  of  an  inch  for  the 
cut  spike.  The  screw  spike  showed  slightly  lower  elastic  withdraw- 
als and  permanent  sets  than  either  the  cut  or  the  Sessler  Grip  Spike. 

REPULLING  TESTS 

The  average  ultimate  resistance  of  each  type  of  spike  tested 
under  each  of  the  conditions  of  driving  and  tie  are  given  below  for 
the  first,  second  and  third  withdrawals  of  j^-inch,  respectively. 
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Standard   Cut  Spike  —  Pennsylvania  R.  R.   Lines   West 
Ultimate  Resistance  to   Withdrawal  in  Pounds 


Kind  of  Tie 

With- 
drawal 

Method  of  Driving 

Chestnut 

Treated 
Yellow 

White 

Douglas 

Pine 

Oak 

Fir 

Without  hole 

5310 

4120 

9720 

4530 

2 

Without  hole 

4180 

35io 

8580 

3500 

Without  hole 

4090 

3080 

7590 

3350 

Per  Cent,  loss  on  second  withdrawal 

21  .2 

14.8 

II.  7 

22.8 

Per  Cent,  loss  on  third  withdrawal 

23.0 

25.2 

21.9 

26.0 

x 

Into  K-inch  hole 

S2IO 

4980 

9400 

3890 

2 

Into  ><-inch  hole 

3930 

3600 

7710 

3290 

3 

Into  K-inch  hole 
Per  Cent,  loss  on  second  withdrawal 

3740 
24.6 

3680 
27.8 

7150 
18.0 

2480 
15-4 

Per  Cent,  loss  on  third  withdrawal 

28.2 

26.2 

23.9 

36.3 

Standard  Screw  Spike — Delaware,  Lackawanna  and  Western  R.  R. 
Ultimate  Resistance  to  Withdrawal  in  Pounds 


Kind  of  Tie 

With- 
drawal 

Method  of  Driving 

Chestnut 

Treated 
Yellow 

White 

Douglas 

Pine 

Oak 

Fir 

i 

Screwed  in  H-inch  hole 

IO02O 

6340 

14740 

7910 

2 

Screwed  in  ^i-inc\\  hole 

9930 

6460 

14530 

8o_'O 

3 

Screwed  in  H-inch  hole 

9260 

6440 

13400 

6540 

Per  Cent,  gain  or  loss  on  second 

—  i  .0 

+1.8 

-1.4 

+  1-4 

withdrawal 

Per  Cent  gain  or  loss  on  third  with- 

drawal 

-7.6 

+  1.6 

-9-1 

-I--3 

1} 

Driven  4K  inches  and  screwed 
iK  inches  in  fi-inch  hole 

8220 
8310 
7020 

7800* 
8500* 
8650* 

11620 
12960 
12930 

6440 
6600 
5260 

Per  Cent,  gain  or  loss  on  second 

withdrawal 

+  1.1 

+9-0 

+11.4 

+2.4 

Per  Cent,   gain  or  loss  on  third 

—  14.6 

+  10.8 

+  n.  3 

-18.3 

withdrawal 

Sessler  Grip  Spike — American  Spike  Company 
Ultimate  Resistance  to  Withdrawal  in  Pounds 


Kind  of  Tie 

With- 
drawal 

Method  of  Driving 

Chestnut 

Treated 
Yellow 

White 

Douglas 

Pine 

Oak 

Fir 

i 

Without  hole 

778o 

4700 

11390 

4680 

2 

Without  hole 

5640 

3750 

9940 

37io 

3 

Without  hole 

535O 

336o 

9080 

337O 

Per  Cent,  loss  on  second  withdrawal 

27.5 

2O.  2 

•    12.8 

20.8 

Per  Cent,  loss  on  third  withdrawal 

31-2 

28.5 

20.2 

28.0 

i 

Into  re-inch  hole 

6240 

5910 

II94O 

5570 

2 

Into  rf-inch  hole 

4360 

4680 

9590 

4260 

3 

Into  iV-inch  hole 

3880 

3800 

8690 

3630 

Per  Cent,  loss  on  second  withdrawal 

30.2 

20.  8 

19.8 

23.6 

Per  Cent,  loss  on  third  withdrawal 

37-8 

35-7 

27-3 

34-° 

Loads  at  practically  0.250  inches  withdrawal. 
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The  effects  of  redriving  a  spike  as  indicated  by  the  per  cent,  loss 
in  resistance  to  withdrawal  is  of  importance  in  the  design  of  a  track 
fastening  insofar  as  the  elastic  holding  power  is  reduced  thereby. 
As  previously  stated  no  track  fastening  should  be  subjected  to 
load  in  excess  of  its  "elastic  withdrawal  limit".  A  withdrawal  of 
^4-inch  could  be  caused  only  by  loads  considerably  in  excess  of 
this  amount  or  by  deterioration  of  the  wood  fibres  resulting  in  the 
gradual  withdrawal  of  the  spike  after  a  large  number  of  applications 
of  load,  even  though  this  load  was  originally  well  below  the  elastic 
withdrawal  resistance. 

The  curves  shown  on  Plates  XV  to  XXII,  indicate  that  the  screw 
spike  is  affected  in  its  elastic  holding  power  to  a  considerably  greater 
extent  than  either  the  cut  or  Sessler  Grip  spikes.  This  comparison 
may  be  more  clearly  shown  when  the  curves  representing  the  three 
withdrawals  of  a  given  type  of  spike  are  superimposed. 

The  effect  of  redriving  upon  the  elastic  withdrawal  resistance  of 
the  cut  and  Sessler  Grip  spike  appears  to  be  no  greater  (possibly 
less)  than  the  effect  upon  the  ultimate  resistances.  The  true  effects 
of  redriving  upon  the  elastic  behavior  of  the  spikes  have  not  been 
determined  by  the  more  refined  method  described  under  the 
auxiliary  tests  made  for  direct  pull  resistance  and  consequently 
conclusions  upon  these  effects  must  be  tentative  awaiting  sub- 
sequent tests. 

Attention  is  also  called  to  the  fact  that  the  ties  used  in  the 
repulling  tests  were  stored  for  approximately  three  weeks  prior  to 
the  tests  at  room  temperature,  whereas  those  used  in  the  direct 
pulling  tests  were  subjected  to  similar  conditions  for  a  few  days 
only. 

GENERAL  CONCLUSIONS 

1.  The  tests  outlined  herein,  although  of  limited  extent,  show 
conclusively  that  the  rail  fastenings  tested  act  as  elastic  structures 
within  certain  limits  depending  upon  the  character  of  the  wood  and 
type  of  spike. 

2.  In  the  softer  woods  the  elastic  limit  of  the  fastening  is  reached 
at  very  small  withdrawals  ranging  from  0.004  to  0.006  inches.   In  an 
oak  tie  these  limits  appear  to  be  somewhat  higher. 
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3.  Within  the  elastic  range  of  the  fastening  the  resistance  devel- 
oped by  the  fastening  is  directly  proportional  to  the  amount  of 
withdrawal. 

4.  Small    permanent   withdrawals   or   sets   have   been   recorded 
within  the  elastic  range  of  the  rail  fastening  but  these  are  no  greater 
than  would  be  reasonably  expected  in  a  material  such  as  wood. 

5.  A  rail  fastening  to  approach  permanency  must  at  no  time  be 
stressed  beyond  its  elastic  holding  power,  making  due  allowances 
for  the  fatigue  and  physical  deterioration  of  the  wood  fibres  during 
the  life  of  the  fastening. 

6.  In  view  of  the  importance  of  these  facts  to  the  railway  pro- 
fession a  more  complete  investigation  should  be  made  to  definitely 
establish   the  elastic   behavior   of  various   types   of   spikes,   both 
without  and  with  preformed  holes  of  various  sizes  driven  into  ties 
of  various  stages  of  deterioration. 
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